We confirm our early result that the events are more singular than previously thought, with a "regularity" systematically closer to 1.5 than to 2, and a common mean value of about 1.6. Furthermore, the 1969 and 1978 events display a two-step spatio-temporal behavior consisting of an "early arrival" in the northern hemisphere, a "late arrival" in the southern hemisphere, and a time lag between the two arrivals of the order of a couple of years. We were also able to show that the 1969 and 1978 events tend to at least partially balance each other. The extent to which this is true remains to be assessed, mainly because our method, although already providing some information about the geometry of the events, does not yet allow the proper recovery of their intensities.
brief description of the main aspects of the method is given in the appendix. A significant difference with our previous study is that the present analysis is no longer restricted to the Y component. It is generalizer' and aims at recovering the direction and sense of the horizontal component of the jerk. Now, as in paper 1, we will assume that the signal recorded in the observatories is the sum of a main-field signal containing singularities, that is, jerks, an external long-period signal, and noise. In paper 1 we decomposed the analyzed Y component in the following 
•(t) of the field. The external signal -• can reason-
ably be supposed to be linearly polarized, as it is mainly generated by the ring current. We will also assume that the jerk signal is linearly polarized. This means that the jerk components X and Y are assumed to be proportional and to share the same regularity. This is a strong assumption we might need to reconsider later on. But it will allow us to detect the direction along which the jerk is the strongest. We will then be able to determine its characteristics along this particular direction.
We will therefore assume that
x(t) ¾(t) -/• cos(0)j• (t) + cos(g)h (t) + nx (t), (3) -/• sin(0)j• (t) + sin(g)h (t) + n¾ (t). (4)
The noise will be considered as being isotropic. The angle 0 (counted eastward from the geographical north direction) will be called the direction angle of the jerk;
• the direction angle of the external signal. The first step of the analysis consists in computing a set of linear combinations of the original components: fa, (t) -cos(e')X (t) -3-sin(e')Y (t), 
Method of Analysis

Detection of Singularities With Wavelets
The theoretical background is identical to the one described in paper 1, except for a few details, and the reader is referred to this paper for a full description of wavelet analysis applied to singularity detection. A 
Assessment of the Method
We now give several synthetic examples to illustrate the theoretical considerations developed in the preceding section. As already mentioned, the results presented in this study have been obtained with the same analyzing wavelet as in paper 1. However, in order to obtain the most reliable assessment of the method, we did not use the harmonic signal and synthetic noise described in this previous paper. Instead we used data extracted directly from six European observatories (BFE, CLF We set 0 -rr/4, and the synthetic jerk was successively injected at 1943, 1945, 1947, 1949 , and 1951 in order to look for some possible influence of the relative phasing of the external signal with respect to the jerk. From the previous section we can expect that both the date and the regularity of the jerk should be best estimated for 0 • -0• -• + rr/2, and the jerk removed for 0" -0e -0 + 7r/2. This was checked very efficiently using the movie procedure included L• the seismic processing package distributed by the Center for Wave Phenomena at the Colorado School of Mines [Scales, 1995] . This is the way we determine the direction 0 of the jerk. The sign of the jerk along this direction can then be recovered by inspection of the sign of the wavelet transform (see the appendix). In this way we finally 
Data Selection
The present study has been performed on observatory monthly means (defined as being the average over all days of the month and all times of the day) obtained from the National Geophysical Data Center (NGDC, Boulder, Colorado) or directly from the observatories. In the latter case the data were either obtained in digital form or digitized from year books. For the purposes of the present study the first criterion in data selection was the length and continuity of the time series of the northward (X) and eastward (Y ) components (available or computable from declination (D) and horizontal intensity (H)). Only observatories for which time series were available over a continuous time interval longer than 12 years have been selected. We had to accept some gaps in some of the series and, in these cases, a linear interpolation was used to reconstruct the missing values; the largest gaps we corrected for were 6 months long. In the case of a longer gap the time series was split into two.
Following this initial selection, all time series were subjected to a careful validation procedure using the wavelet transform as in paper 1. When anomalies were Tables 2a  and 2b (note that further useful data might still be obtained from other observatories). The geographical distribution of these observatories is shown on Figure  3 . Let us emphasize that the process of establishing sound time series in the way just described, however time consuming, is both an essential step to the following analysis and a very efficient way of identifying possible problems within the observatory data.
Results
The same analysis procedure as the one used previously for the synthetic tests has been applied to the X and Y series of the 97 observatories of bEnhancement angle of the jerk in degrees.
•Slope of the ridge function.
UDate of occurrence of the jerk.
ities (c• = 1.60 q-0.04) found for this jerk are almost identical for the three observatories where they could be computed. It seems safe to conclude that the 1901 jerk is observed in a large part of the northern hemisphere, but it may be of worldwide extent.
The 1913 event has also been detected in all observatories with sufficient data (see Table 2a )
. It is clearly observed in five European (BFE, CLF, COI, DBN, NGK) and three North American (FRD, SIT, VQS) observatories and HON (Table 3b and Figure 6). Most dates of this jerk cluster at the average date (1913.6q-1.1).
However t'Enhancement angle of the jerk in degrees.
aDate of occurrence of the jerk.
southern hemisphere at the four observatories (AML, API, GNA and HUA) whose time series are long enough to allow for such a detection (Table 3d and Figure 8 ). bEnhancement angle of the jerk in degrees.
•Direction angle of the jerk in degrees.
bEnhancement angle of the jerk in degrees.
UDate of occurrence of the jerk. dSlope of the ridge function.
• aSlope of the ridge function.
•Date of occurrence of the jerk. Table 2a for the code and location of the observatories and Table 3a for ridge function slopes). Table 2a for the code and location of the observatories and Table 3b Table 2a for the code and location of the observatories and Table 3c for ridge function slopes). Table 2a for the code and location of the observatories and Table 3d for ridge function slopes).
(which suggests a value of the order of 0.15; recall Table 1). This could result from the way we estimated the error in a in the synthetic case using only data from close-by European observatories. However, it could also be due to some geophysically relevant regional variations. In order to check this, we produced maps of the departures of the a from the average value 1.6 for each of the two events (Figures 15 and 16) . The 1969 event again displays a fairly strong global asymmetry, with the southern hemisphere (crudely speaking) usually showing regularities below the average value, while the northern hemisphere tends to reveal larger regularities. This asymmetry is less obvious for the 1978 event, but this might be due to the tiny number of values recoverable from the southern hemisphere. Hence we may conclude that within the accuracy of our method, the regularities of the two events seem to be identical, with an average value of c• = 1.61 -t-0.23, and a common tendency to be slightly larger in the northern than in the southern hemisphere.
The local directions for both jerks (sign and 0 in Tables 3f and 3g) are displayed on maps (Figures 17 and  18) . In interpreting these maps, one must carefully keep in mind that they give no information about the intensity of the signal, Il, a parameter we have not yet been able to recover in a systematic way (which remains a drawback of the present study but will be the subject of further investigation). Both maps show satisfactory regional consistency and reveal that the two events are not simple in geometry. They appear to be large scale but complex phenomena. There is no simple north-south symmetry or antisymmetry. A comparison between the two events shows that in most places the 1978 directions tend to be opposite to the 1969 directions. 
Concluding Remarks
In paper 1 we focused on the analysis of the Y component observed in European observatories. This allowed us to uncover five events in the twentieth century, to confirm their internal origin, and to show that they are more singular than previously assumed, with a regularity closer to 1.5 than to 2. The present study confirms and extends these early results.
Allowing for the search to be carried out on any horizontal component made it, for instance, Table 2a for the code and location of the observatories and Table 3e for ridge function slopes).
Figure 11. Log-log plots of the ridge functions of the 1978 event (see Table 2a for the code and location of the observatories and Table 3g for ridge function slopes).
at the top of the core. However, this regularity is not so straightforward to interpret. As already pointed out, our analysis relies on the assumption that the jerks be linearly polarized in the horizontal plane. This is not necessarily the case since the geometry of the secular Finally, let us note that it is now time to try to understand the mechanism of these events: they have a large, sometimes global, extension at the surface of the Earth; they occur simultaneously, within the analysis accuracy, at places tens of thousands of kilometers apart, but can also be observed in one hemisphere a few years before the other one (this might have something to do with form (equation (A7)). Such ridge functions cannot be given a clear origin.
